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ABSTRACT p36\3 
The effect of thrust-to-weight ratios,  earth-lunar t r a n s f e r  time, 

and pericenter  altitude on trajectory parameters  has  been investigated 
f o r  brake to lunar orbit. 
against  the velocity vector was used i n  all instances. 
of 300 and 420 and t ransfer  times of 50, 60 and 72 hours were used fo r  
comparison. 

A single stage with constant thrust  directed 
Specific impulses 

The resul ts  of the study show thevariat ions of t ra jectory 
parameters  fo r  ear th  thrust-to-weight ratios f rom 0 .1  to 1.0. 
found that the velocity loss  due to  gravity is small ,  and for  ear th  
thrust-to-weight ratios greater than 0.4 losses  can be neglected. 

It was 
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PARAMETRIC PERFr3EZMANCE ANALYSIS OF LUNAR MISSIONS 

PART I 

BRAKE TO LUNAR ORBIT 

Charles  M. Akridge and Sam H. Harlin 

SUMMARY 

The effect of thrust-to-weight ratios , ear th- lunar  t ransfer  time, 
and per icenter  altitude on trajectory pa rame te r s  has  been investigated 
fo r  brake  to lunar orbit. 
against  the velocity vector was used in  all instances.  
of 300 and 420 and t ransfer  t imes of 50, 60 and 72 hours  were  used fo r  
c omparis,on. 

A single stage with constant thrust  directed 
Specific impulses  

The resul ts  of the study show the variations of t ra jectory 
pa rame te r s  fo r  ea r th  thrust-to-weight ra t ios  f rom 0. 1 to 1.0. 
found that the velocity loss  due to gravity is small, and f o r  ear th  thrust-  
to-weight ratios g rea t e r  than 0 . 4  losses  can be neglected. 

It was 

SECTION I. INTRODUCTION 

Orbital  operations a r e  of great in te res t  in lunar exploration 

Pre l iminary  analysis of lunar missions requi res  a rapid 
because of requirements imposed by the landing s i te ,  energy, and 
tracking. 
method of sufficient accuracy fo r  determining t ra jec tory  parameters .  

The purpose of this report  is to present  t ra jectory pa rame te r s  
f o r  the powered lunar braking maneuver for various t r ans fe r  times 
and lunar  orbi t  altitudes. The parameters  presented are: velocity, 
flight path angle , altitude , central  angle , burning t ime , propellant m a s s  
f ract ion,  t ime to per icenter  a t  initiation of burning, and velocity losses .  
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The approach used was to determine the a r r i v a l  velocity f o r  a 
given t ransfer  time and initiate burning so  that c i r cu la r  orbi t  conditions 
a r e  attained a t  burnout. 
RECOMP I1 computer,  using Runge-Kutta numerical  integration. 

The equations of motion were  integrated on a 

SECTION 11. ANALYSIS 

In lunar mission programs,  i t  is assumed that one mode of lunar  
flight and landing will be by way of t r ans fe r  f r o m  a c i r cu la r  orbi t  around 
the Moon. In general ,  a spacecraf t  will approach the vicinity of the 
Moon with hyperbolic flight velocity relative to the Moon. 

The velocity requirements  fo r  injection from a lunar t ransfer  were  
calculated using the equations of motion fo r  a vehicle flying into orbi t  
with CY = 180 degrees .  Relations of velocity and per icenter  altitude f rom 
sphere-of-influence calculations were  used fo r  the ear th- lunar  t ransfer .  

LUNARCENTER 

Referring to the sketch above, computations were  made fo r  a 
point mass  moving in a plane using the following equations of motion: 
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I -  

I -  

2 

cos& 
- F COSCY go ro v=- - 

m r 2  

2 +( sin 1p vj = F sin CY 
m 

; =vcos rcL  

v s i n &  
+ =  

where 

m = m 0 t S % d t  ( 5) 

and 

The velocity and flight path angle may be obtained by integrat-  
ing the equation of motion 

V = S q d t  ( 7) 

The range and pericenter altitude can then be calculated by 
the relations 

h = h  + s ; d t  
0 

and the cent ra l  angle is 

+ = S A  dt 
rc 

The initial weight of the vehicle i s  

w = w  +w, 
0 C 
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The a r r i v a l  velocities f o r  altitude ve r sus  t r ans fe r  t ime were  
calculated using the sphere-of-influence method and a r e  shown in  
FIG 1. This method is based on the sphere-of-influence concept, 
reducing the n-body problem to two 2-body problems. These 
velocities, though not exact,  a r e  sufficient fo r  pre l iminary  calculations. 

The velocity expended by a vehicle is the charac te r i s t ic  
velocity, o r  

(13) 
1 AV = Vex In - 

1 - 5  

Then the velocity lo s ses  a r e  the difference between the charac te r i s t ic  
velocity and the change in comparative velocity, o r  

where the comparative velocity is 

The change in  comparative velocity during descent f rom r = r 
r = r  i s  

to  
0 

f I 

and the velocity loss  due to gravity is 

AV loss = v  e x  l n ( & ) - [ - & q t v o ]  0 
(17) 

SECTION 111. ASSUMPTIONS 

A summary  of the basic  assumptions used in this analysis 
follows : 

1. Deceleration of a single stage f rom earth-moon t r ans fe r  to 
c i r cu la r  lunar orbit ,  using constant thrust  directed against  the velocity 
vector.  
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l -  

2. Initial pericenter altitudes: 

h = 5 0  km 
P 

h , = 100 km 

h = 200 km 

P 

P 

h = 300 km 
P 

3. F o r  compar,son, specific impu,ses of 300 an( 
used. 

420 we r e  

4. The thrust-to-weight ratio for  a chemical stage was var ied 
parametr ical ly  f rom 0. 1 t o  1.0. 

5. Mean spherical  moon: 

k= 4906 km3/sec2 

r = 1738.3 km 

SECTION IV. DISCUSSION O F  RESULTS 

The resul ts  of this analysis a r e  shown in  FIG 2 through 9, 
separated according to pericenter altitude. 
ve r sus  ear th  thrust-to-weight ratios fo r  50, 60 and 72-hour earth-lunar 
t ransfer  t imes and specific impulses of 300 and 420. 
impulses  a r e  representative of present day storable and cryogenic 
s tages. 

All variables are plotted 

These specific 

The t ime of initiation of burning p r io r  to Keplerian per icenter  
is  shown in FIG 2. The characterist ic velocity required to brake to 
lunar  orbit  is shown in FIG 3 and the corresponding stage propellant 
m a s s  fraction is shown in FIG 4. 
variables  is shown in FIG 5 through 8. 

The change in  other t ra jectory 

FIG 9 shows the velocity losses  due to gravity. Beyond an 
ea r th  thrust-to-weight ratio of 0 .4 ,  these gravity losses  a r e  smal l  and 
considered to be zero.  
difference between characterist ic and change in comparative velocities 
during burning, i. e . ,  t rue gravity losses .  

It should be noted that these losses  a r e  the 
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SECTION V. CONCLUSIONS 

F r o m  the resul ts  of this study, i t  can be concluded that velocity 
loss  due to gravity is smal l  throughout the range of ear th  thrust- to-  
weight ratios considered and that losses  can be neglected for  values of 
thrust-to-weight ratios g rea t e r  than 0.4.  I t  can a l so  be concluded that 
variation of per icenter  altitudes does not appreciably change the stage 
propellant m a s s  fraction required.  
angular range is 30' o r  l e s s .  

F o r  most  ca ses  it i s  found that 
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SECTION VI. GRAPHIC PRESENTATION 
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FIGURE 1 .  PERICENTER VELOCITY FOR EARTH-LUNAR TRANSFER. 
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